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M-mode echocardiography and Doppler ultrasonogra•
phy were used to study patterns of atrioventricular (A V) 
valve motion and flow in five patients with complete heart 
block, normal ventricular function and an implanted 
dual chamber pacemaker with programmable PQ in•
tervals. Changes in A V valve motion and flow patterns 
resulting from steady state changes in PQ interval over 
the range studied (75 to 250 ms) were similar in all 
patients. Events reflecting A V valve opening and rapid 
ventricular filling bore a constant temporal relation to 
the Q wave and were unaffected by changes in PQ in•
terval. Events reflecting atrial contraction occurred pro•
gressively earlier in diastole with lengthening of the PQ 
interval, until superimposition of atrial contraction on 
The classic work of Wiggers (1,2) established the phasic 
pattern of flow through the mitral valve during diastole. 
After atrioventricular (A V) valve opening there are the suc•
cessive phases of rapid ventricular filling, slow ventricular 
filling (diastasis) and atrial systole. This pattern is dependent 
on the temporal relation between atrial and ventricular sys•
tole. The effect of steady state changes in PQ interval on 
patterns of A V valve motion and flow in patients with nor•
mal ventricular function are described. 
Methods 
Patients. Five patients with complete heart block and a 
permanent dual chamber (atrial and ventricular) pacemaker 
were studied. Their clinical characteristics are summarized 
in Table 1. No patient had known valvular, myocardial or 
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rapid ventricular filling at a PQ interval of 250 ms. The 
duration of mid-diastolic slow ventricular filling and 
overall diastole, defined with respect to an open valve, 
decreased with lengthening of the PQ interval. The onset 
of AV valve closure (A point) bore a constant temporal 
relation to the P wave, indicating that atrial systole ini•
tiated valve closure. However, completion of A V valve 
closure occurred progressively earlier with respect to the 
P wave as the PQ interval was decreased. This suggests 
an increasing contribution of ventricular systole to com•
pletion of A V valve closure with decreasing PQ interval. 
End-diastolic and end-systolic ventricular and atrial di•
mensions were independent of the PQ interval. 
(J Am Coli CardioI1986;7:595-602) 
coronary heart disease. Exercise tolerance during atriosyn•
chronous ventricular pacing was normal in all patients. Pa•
tient 1 had a slightly elevated left ventricular end-diastolic 
diameter by M-mode echocardiography, but a normal per•
cent fractional shortening, normal left atrial size, normal 
left ventricular wall thickness and normal cardiac output at 
rest determined by thermodilution during atriosynchronous 
pacing. The other patients all had normal M-mode echo•
cardiographic ventricular and atrial dimensions. 
A dual chamber pacemaker (Table 1) had been implanted 
in all patients because of exertional fatigue. In addition, one 
patient had bradycardia-dependent unsustained ventricular 
tachycardia that did not recur after pacemaker implantation. 
Echocardiography and Doppler ultrasonography. 
Patients were studied a mean of 11 months (range 3 to 17) 
after pacemaker implantation. Informed consent was ob•
tained from each patient before study. All patients were 
ambulatory and asymptomatic at the time of study. Their 
sinus rate at the beginning of the study ranged from 55 to 
75 beats/min. Each patient underwent M-mode echocardi•
ography and Doppler ultrasonography at four PQ intervals, 
listed in Table 1, during A V sequential (DVI) pacing at a 
rate of 80/min. Recordings were not made until at least 5 
minutes had elapsed after each change in PQ interval. Pa-
0735-1097/86/$3 50 
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Table 1. Clinical Characteristics, Implanted Pacemakers and PQ Intervals In Five Patients 
Age (yr) Programmed 
Case & Sex DiagnOSIs Pacemaker PQ Intervals (m,) 
I 15M Congemtal CHB Cordis Sequicor 233 D 80, 120, 165,250 
2 24M IdIOpathic acqUired CHB Cordis Sequicor 233 D 80, 120, 165, 250 
3 16F Congenital CHB, L-TGA Cordis Sequicor 233 D 80, 120, 165,250 
4 32F Congenital CHB, L-TGA Cordis SeqUIcor 233 D 80, 120, 165, 250 
5 45F Congenital CHB Cordis Gemini 415 A 75, 125, 150,250 
CHB = complete heart block; F = female; L-TGA = corrected transpositIon of the great arteries; M = 
male. 
tients were rotated 30° into a left lateral decubitus position 
for both echocardiography and Doppler ultrasonography. 
Echocardiography was performed using a Hewlett-Packard 
77020 ultrasonograph and a 2.5 MHz transducer. Standard 
M-mode parasternal views of the posterior ventricle, A V 
valve and left atrium were obtained (3). At each PQ interval, 
Doppler ultrasonography was performed immediately after 
echocardiography using an Irex System IIIB ultrasonograph 
in pulsed wave mode. The combined imaging/Doppler trans•
ducer was positioned at the cardiac apex to give a standard 
four chamber view. The Doppler beam was oriented parallel 
to the presumed direction of flow, and the sample element 
was positioned at the A V valve orifice; small positional 
adjustments were made to optimize the diastolic flow signal. 
Both echocardiographic and Doppler strip chart record•
ings were made at 100 mmls. A lead II surface electrocar•
diogram was recorded simultaneously with both the echo•
cardiogram and Doppler recording. Echocardiographic 
measurements were made according to published convention 
(3). Doppler velocity measurements were made by tracing 
the upper envelope of the pulsed wave spectral display, 
which represented the blood moving at highest velocity. It 
was assumed that the Doppler beam had been oriented par•
allel to the direction of flow, and no angle correction was 
made. 
Measurements. The onset of the P wave was taken to 
be the atrial pacemaker artifact on the electrocardiogram, 
and the onset of the Q wave was taken to be the ventricular 
pacemaker artifact. Conventional terminology was used for 
points on the anterior A V valve leaflet echocardiogram (4), 
except that the point of mitral valve opening, usually termed 
the D point, was called MVO, and the closure of the mitral 
valve, usually termed C, was called MVC. In Patients 3 
and 4 with anatomically corrected transposition of the great 
arteries, the systemic A V valve is a tricuspid valve, For 
simplicity we will use the terms MVO and MVC in reference 
to these patients in the text and illustrations to describe A V 
opening and closure, respectively. On the atrial echocar•
diogram, the beginning of the horizontal segment of the 
anterior atrial wall during diastole was termed point R, as 
previously defined by Strunk et al. (5). The end of this 
horizontal segment and the onset of further diastolic pos•
terior movement of the anterior left atrial wall was termed 
point S. Point S is identical to that termed point A by Strunk 
et al. (5); the terminology was altered to avoid confusion 
with point A of the A V valve trace. On the Doppler A V 
valve velocity ultrasonogram, the first diastolic flow velocity 
peak was termed V" and the second diastolic flow velocity 
peak, if present, was termed V 2. 
Statistics. The probability (p) value listed for each vari•
able in the tables is the significance of the Pearson corre•
lation coefficient relating changes in the value of that vari•
able with the PQ interval. 
Results 
Sequence of events. Figure I shows sequentially re•
corded M-mode recordings of the left ventricle, left atrium 
and mitral valve, and the Doppler recording of mitral valve 
flow. The recordings are arranged so that the electrocardio•
graphic events of each tracing are aligned. Because heart 
rate and PQ interval were strictly controlled, there is ex•
cellent temporal correlation among events in the tracings, 
although they were not recorded simultaneously. For in•
stance, after the mitral valve opening (MYO) point on the 
mitral valve trace, marking the beginning of mitral valve 
opening, the left atrium rapidly empties, and the left ven•
tricle rapidly expands. The Doppler velocity trace shows an 
early diastolic peak (V,). These events mark the phase of 
rapid ventricular filling. Similarly, the phase of slow ven•
tricular filling (between points Rand S on the left atrial 
trace) is marked by partial closure of the mitral leaflets, 
decrease in Doppler velocity and less rapid expansion of 
the left ventricle. The onset of late diastolic atrial emptying 
(point S on the left atrial trace) is reflected by reopening of 
the mitral leaflets, a late diastolic peak in the Doppler ve•
locity tracing (V 2) and more rapid left ventricular expansion. 
Closure of the mitral valve at point MVC is accompanied 
by expansion of the left atrium and cessation of flow reg•
istered in the Doppler trace. Excellent temporal correlation 
of these events was seen in all patients at each of the PQ 
intervals. This was also true in Patients 3 and 4 with ven•
tricular inversion. 
Effect of PQ interval. Similar recordings at each of four 
PQ intervals from a single patient are shown in Figure 2. 
Timing, with respect to the subsequent Q wave, of events 
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Figure 1. Patient I. Temporal correlation between diastohc events 
in (top to bottom) M-mode echocardiograms of the left ventricle 
(LV), left atrium (LA) and mitral valve (MV) and Doppler mitral 
valve flow velocity trace. At the bottom is the electrocardiogram 
(ECG) showmg atrioventricular sequentIal pacing with a PQ in•
terval of 120 ms. The traces were not recorded simultaneously but 
are aligned so that electrocardiographic events on each tracing (not 
shown) are in register. Initial mitral valve opening occurs at the 
MVO point. reopening is reversed at the A point (not labeled) and 
mitral valve closure is completed at the MCV point. Points Rand 
S mark the beginning and end. respectively, of the nearly hori•
zontal segment of the left atrial wall tracing. V I and V 2 are the 
first and second diastolic mitral flow velocity peaks. respectively. 
See text for further discussion. 
reflecting A V valve opening and early diastolic rapid ven•
tricular filling is not affected by changes in the PQ interval 
(Table 2). At a PQ interval of 250 ms, atrial systole coin-
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cides with and prolongs the early diastolic rapid ventricular 
filling phase; it is then followed by an extensive phase of 
slow ventricular filling, during which the left atrium slightly 
expands (Fig. 2 and 3). This pattern was seen in all five 
patients. As the PQ interval is shortened, however, events 
reflecting atrial contraction, such as point V 1 in the Doppler 
velocity trace and point S in the left atrial trace, occur later 
in diastole and are progressively delayed with respect to the 
Q wave (Table 3). Accordingly. the period of slow ven•
tricular filling, between rapid filling and atrial contraction, 
lengthens as the PQ interval is decreased from 175 to 75 
ms (Fig. 3). The total duration of diastole is also lengthened 
with a decreasing PQ interval, if diastole is defined by an 
open AV valve . 
Atrioventricular valve response to atrial contraction and 
subsequent reversal of motion, the A point, is seen over the 
range of PQ interval, from 75 to 175 ms (Fig. 3). The 
interval from the P wave to the valvular A point is constant 
(Table 3). Thus the onset of valve closure bears a constant 
temporal relation to atrial systole over this range of PQ 
intervals. In contrast, the interval from the P wave to the 
completion of valve closure (MVC) decreases with a short•
ening PQ intervaL Accordingly. the absolute value of the 
anterior valve leaflet closure slope (A-MVC) increases with 
a shortening PQ intervaL 
At a PQ interval of250 ms, no valvular A point is present 
because atrial systole is superimposed on rapid ventricular 
filling (Fig. 3). At this PQ interval, the A V valve nearly 
closes before ventricular mechanical systole, it reopens slightly 
in late diastole and is closed a second time by ventricular 
systole. 
A change in slope of the valve closure motion, or B 
point, was observed in most patients at intermediate (120 
to 175 ms) PQ intervals, but not at the shortest (75 to 80 
ms) or longest (250 ms) intervaL When such a B point was 
present, however, its timing was not sufficiently distinct to 
measure accurately. 
Doppler velocity recordings. Peak Doppler diastolic flow 
velocities, both during rapid ventricular filling and during 
atrial systole, are independent of the PQ interval over the 
range of 75 to 175 ms (Tables 2 and 3). However, at a PQ 
interval of 250 ms, superimposition of atrial systole on the 
phase of early diastolic rapid ventricular filling results in 
summation of their effects. Changes in the PQ interval result 
in no change in end-diastolic or end-systolic left atrial or 
ventricular dimensions. percent fractional shortening or am•
plitude of valve leaflet excursions (Table 4). 
Discussion 
Previous studies in humans (6,7) examining the effect of 
variations in the PQ interval on mitral leaflet motion and 
mitral flow were performed in patients with complete heart 
block, in whom AV dissociation resulted in random beat to 
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Figure 2. Patient I, Effect of varying PQ interval (80 to 250 ms), 
at a constant heart rate, on patterns of mItral valve motion, mitral 
valve flow and left atrial wall motion. From left to right at each 
PQ interval are the M-mode echocardiogram of the mitral valve, 
Doppler mitral valve flow velocity trace and M-mode echocardio•
gram of the left atrium. Traces from each structure are aligned so 
that the timing of the QRS complexes is in register vertically. See 
text for discussion. 
beat variation in the PQ interval. These studies have two 
limitations. First, events recorded during any given cycle 
are potentially affected not only by the PQ interval of that 
cycle but also by that of at least the previous cycle, through 
changes in atrial and ventricular volumes and autonomic 
tone. Second, the random beat to beat change in PQ interval 
precludes comparison of tracings obtained nonsimulta•
neously from different cardiac structures. 
~n,3.2J 
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Patients with a dual chamber (atrial and ventricular) pace•
maker having programmable PQ intervals represent a unique 
model to study the effects of steady state changes in PQ 
interval on cardiac physiology. We chose to study such 
effects in patients with normal ventricular function. The 
duration of the various phases of A V flow varied from 
patient to patient even at the same heart rate and PQ interval. 
We did not investigate the causes of this variation; possible 
causes include differences in intracardiac pressures or car•
diac output among patients. Although there was variability 
in the absolute duration of intervals among patients, the 
relative changes in these intervals were uniform as the PQ 
interval was altered. We discuss the observed effects in 
sequence from the onset of diastole. 
Valve opening. Atrioventricular valve opening bore a 
constant relation to both the prior and subsequent Q waves 
JACC Vol. 7, No 3 
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Table 2. Timing and Amplitude of Events Reflecting Atrioventricular Valve Opening and Rapid Ventricular Filling With Varying 
PQ Intervals 
PQ Interval (ms) 
250 165 to 175 120 to 125 75 to 80 p Value* 
Q-MVO (ms) 
Mean 563 562 558 556 NS 
Range 540 to 590 540 to 590 540 to 590 530 to 590 
MVO-Q (ms) 
Mean 187 188 192 194 NS 
Range 210 to 160 210 to 160 210 to 160 220 to 160 
E-Q (ms) 
Mean 130 134 134 118 NS 
Range 170 to 110 160 to 110 160 to 100 150 to 90 
V,-Q (ms) 
Mean 190 190 190 190 NS 
Range 210 to 160 210 to 160 210 to 160 220 to 160 
V, (rn/s) 
Mean 0.9 0.7 0.6 0.7 0.03 
Range 0.7 to 1.0 05 to 0.8 0.3 to 0.9 0.5 to 08 
*Significance of Pearson correlation coefficient relating changes in variable PQ mterval. E-Q = the interval from point E on the echogram to the 
subsequent Q wave; MVO-Q = the interval from the point of valve opening on the echogram to the subsequent Q wave; NS = not significant; Q-MVO 
= the interval from the Q wave to the point of valve opening on the echogram of the antenor atrioventricular valve leaflet; V, = maximal velocity of 
the first diastolic peak in the Doppler flow signal; V,-Q = the interval from the first diastolic peak in the Doppler flow velocity trace to the subsequent 
Q wave. 
over the entire range of PQ intervals studied. Over the range 
of the PQ intervals from 75 to 175 ms, valve opening pre•
ceded the P wave, so it is not surprising that its timing was 
independent of the PQ interval. However, even at a PQ 
interval of 250 ms, where the P wave preceded valve open•
ing, atrial systole did not advance valve opening compared 
with shorter PQ intervals. This suggests that in our patients 
A V valve opening was initiated primarily by ventricular 
relaxation. It is possible that under other circumstances (a 
PQ interval greater than 250 ms or a heart rate greater than 
80 beats/min) atrial contraction might precede ventricular 
relaxation by a period sufficient to affect valve opening. 
We found the duration of the initial diastolic rapid filling 
phase to be independent of the PQ interval at shorter PQ 
intervals, but to increase when it coincided with atrial systole 
(Fig. 3). Wiggers (1,2) used intracavitary pressure mea•
surements to calculate the duration of the rapid ventricular 
filling phase in dogs, but did not control, or even specify, 
their PQ interval. He found the duration of rapid filling to 
be inversely related to heart rate and, at heart rates similar 
to those of our patients, to be approximately 120 ms, a value 
comparable with that in our patients at shorter PQ intervals. 
Slow filling phase. Prolongation of diastole with de•
creasing PQ interval was accounted for almost entirely by 
prolongation of the slow ventricular filling phase (Fig. 3). 
Changes in the duration of this phase were indicated not 
only by changes in A V leaflet motion and Doppler flow 
velocity, but also by changes in the duration of the relatively 
flat portion of the anterior left atrial wall on the M-mode 
tracing. 
Effect of PQ interval. Events reflecting atrial systole, 
as expected, occurred progressively later with respect to the 
Q wave as the PQ interval decreased. This finding corro•
borates in humans the work of Nolan et al. (8), who studied 
instantaneous mitral flow using an electromagnetic flow probe 
sutured to the mitral anulus in open chest calves. 
There has been considerable controversy regarding the 
mechanism of mitral valve closure. Little (9) recently re•
viewed the proposed mechanisms of mitral closure and cat•
egorized them as "atriogenic" (whereby closure supposedly 
results from atrial systole) and "ventriculogenic" (whereby 
closure supposedly results from ventricular systole). Our 
finding that the valvular A point bore a constant temporal 
relation to the P wave over the range of PQ intervals from 
75 to 175 ms (Table 3, Fig. 3) suggests that the onset of 
valve closure is purely "atriogenic" over this range. How•
ever, the interval from the P wave to completion of valve 
closure progressively shortened as the PQ interval was de•
creased. This suggests a progressively increasing ventricular 
contribution to completion of A V valve closure with short•
ening of the PQ interval. The transition from "atriogenic" 
closure to "ventriculogenic" closure is probably marked by 
the B point. At the longest PQ interval, the B point is absent 
because closure is purely "atriogenic," and at the shortest 
PQ interval, the B point is absent because there is no purely 
"atriogenic" phase. 
At a PQ interval of 250 ms, we found nearly complete 
closure of the A V valve preceding ventricular contraction, 
but after this the valve leaflets slightly reopened and were 
closed a second time by ventricular systole (Fig. 2). Thus, 
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Figure 3. Composite diagram of the effect of varying PQ interval, 
at constant heart rate, on the patterns of atrioventricular (A V) valve 
motion and the phases of valve flow. At each PQ interval are 
shown a schematic electrocardiogram and a schematic A V valve 
M-mode echocardiogram. Panels A to D are aligned vertically 
with respect to the Q wave of the electrocardiogram. Values are 
expressed in milliseconds and are averages from all five patients. 
Note that the intervals from the Q wave to subsequent valve open•
ing (Q-MVO) and valve opening to subsequent Q wave (MVO•
Q) are little affected by changes in the PQ interval (556 to 563 
and 187 to 194 ms, respectively). The interval from the Q wave 
to valve closure (Q-MVC) increases with shortening of the PQ 
interval (from 65 to 143 ms). The interval from the P wave to the 
onset of valve closure (P-A) is virtually independent of the PQ 
interval in panels A to C, whereas the interval from the P wave 
to completion of valve closure (P-MVC) decreases with a short•
ening PQ interval in panels A to D (from 315 to 223 ms). The 
bar graph under the initial cycle in each panel shows the duration 
of rapid ventricular filling (RVF), slow ventricular filling (SVF) 
and atrial systolic filling (ASF). Diastole is defined as the period 
from A V valve opening to closure. As defined here, systole in•
cludes isovolumic contraction and relaxation. See text for discus•
sion. Two patients had an inverted ventricle, but the abbreviations 
for mitral valve opening and closure are used for consistency. 
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atrial systole alone can affect nearly complete valve closure. 
This phenomenon has been previously reported to accom•
pany prolonged PQ intervals in dogs (10,11). 
Shah et al. (7) found the rate of mitral valve closure and 
the intensity of the first heart sound to be inversely related 
to the PQ interval in patients with complete heart block and 
A V dissociation. We found a similar relation between the 
PQ interval and valve closure rate in our patients (Table 3), 
but we did not measure intensity of the first heart sound. 
Effect of PQ interval on cardiac dynamics. Several 
previous studies have reported effects on cardiac perform•
ance produced by alteration of the PQ interval. Leinbach et 
al. (12) found that PQ intervals of 100 to 200 ms resulted 
in maximal cardiac output during temporary A V pacing in 
patients with complete heart block. Curtis et al. (13) found 
that PQ intervals of 125 to 150 ms resulted in maximal 
cardiac output and arterial blood pressure and minimal left 
atrial pressure in patients after open heart surgery. Coskey 
et al. (14) found that cardiac output was higher at a PQ 
interval of 150 ms than at a PQ interval of 250 ms in patients 
with an implanted A V pacemaker. However, the ventricular 
function of the patients in these studies, when specified, 
was abnormal. In our patients with normal ventricular func•
tion, we found that varying the PQ interval over the range 
of 75 to 250 ms produced no change in atrial or ventricular 
chamber dimensions or ventricular percent fractional short•
ening. Atrial transport function contributes less to cardiac 
performance in patients with normal ventricular function 
than in those with impaired ventricular function (15), and 
this may explain the lack of effect of the PQ interval on 
echocardiographic chamber dimensions in our patients. Thus, 
in patients with A V pacemakers and normal ventricular 
function, choice of the programmed PQ interval may be 
determined by considerations other than optimizing hemo•
dynamics, such as avoidance of pacemaker-mediated tachy•
cardia (16). 
The interval from the Q wave to left ventricular activation 
is known to be prolonged approximately 30 ms during right 
ventricular pacing compared with activation by way of nor•
mal His-Purkinje conduction (17). Therefore, the interval 
between left atrial and left ventricular activation during right 
atrial-right ventricular sequential pacing is longer than at 
the same PQ interval during sinus rhythm. This discrepancy 
should be considered when the absolute timing or duration 
of diastolic events found in our patients is compared with 
that of patients with sinus rhythm. Effects of aberrant left 
ventricular activation produced by right ventricular pacing 
are another possible limitation of this study; any decrease 
in overall contractile function appears to be negligible (15), 
but it is possible that abnormal mitral intravalvular, anular 
and papillary muscle activation may affect mitral valve clo•
sure (9). In these studies we can assume both a constant 
electromechanical delay and stable contractile function for 
the series of recordings of any given patient among our five 
patients. 
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Table 3. Timing and Amplitude of Events Reflecting Atrial Systole and Atrioventricular Valve Closure With Varying PQ Intervals 
PQ Interval (ms) 
250 165 to 175 120 to 125 75 to 80 p Value* 
P-A (ms) 
Mean 172 172 177 NS 
Range 160 to 190 170 to 180 160 to 190 
Q-V2 (ms) 
Mean 27 70 92 0.003 
Range 10 to 50 50 to 100 70 to 120 
S-Q (ms) 
Mean 42 0 32 0.001 
Range 50 to -30 30 to -30 - 10 to -40 
P-MVC (ms) 
Mean 315 275 245 223 0.0001 
Range 310 to 320 255 to 295 230 to 265 180 to 240 
A-MVClope (cm/s) 
Mean 13 23 31 34 0.02 
Range 10 to 17 10 to 44 20 to 48 26 to 49 
V2 (m/s) 
Mean 0.7 0.6 0.6 NS 
Range 0.3 to 0.9 0.3 to 0.9 0.3 to 0.8 
*Significance of the Pearson correlation coefficient relating change~ in a variable to the PQ interval. A-MVC,lope = the mean slope between points 
A and MVC on the echogram of the antenor valve leaflet; P-A = the Interval from the P wave to point A on the echogram of the anterior valve leaflet; 
P-MVC = the interval from the P wave to point MVC on the echogram of the anterior valve leaflet; Q-V 2 = the Interval from the Q wave to the second 
dla~tolic peak In Doppler flow velocity; S-Q = the interval from the end of the horizontal diastolic segment on the echogram of the anterior left atrial 
wall to the Q wave; V 2 = velOCity of the second diastolic peak In the Doppler flow signal. 
Table 4. Ventricular and Atrial Dimensions With Varying PQ Intervals 
PQ Interval (ms) 
250 165 to 175 120 to 125 75 to 80 p Value* 
SV end-diastolic (cm) 
Mean 4.9 47 4.7 4.6 NS 
Range 4.0 to 6 0 4.0 to 6.0 4.0 to 6.0 3.7 to 5.7 
SV end-systolIc (cm) 
Mean 3.7 3.8 37 37 NS 
Range 2.8 to 4.8 29 to 4.8 2.9 to 4.7 2.8 to 4.6 
LA end-diastolic (cm) 
Mean 29 2.9 2.9 2.9 NS 
Range 2.6 to 3 0 2.5 to 3.4 2.5 to 3.2 2.6 to 3.2 
LA end-systolIc (em) 
Mean 3.9 3.5 3.4 3.4 NS 
Range 35 to 4.2 2.7 to 4.0 2.4 to 4 0 2.5 to 4.0 
*Slgnificance of the Pearson correlatIOn coefficient relating changes In a variable to the PQ Interval. LA = left atnal; SV = systemic ventricular. 
Conclusions. In patients with normal ventricular func•
tion there are uniform changes in the pattern of A V valve 
flow resulting from steady state changes in the PQ interval. 
The timing of initial valve opening and rapid ventricular 
filling is unchanged with respect to the Q wave, but atrial 
systole occurs later in diastole as the PQ interval is short•
ened, resulting in a longer mid-diastolic slow ventricular 
filling phase and a longer total diastole. Timing of A V valve 
closure with respect to P and Q waves suggests that atrial 
systole alone initiates valve closure over the range of PQ 
intervals studied. However, completion of valve closure is 
affected by both atrial and ventricular systole, and their 
relative contribution varies with the PQ interval. Any change 
in stroke volume in these patients resulting from changes 
in the PQ interval over a range of 75 to 250 ms is too small 
to be detected by M-mode echocardiographic measurement 
of chamber size. In patients with normal ventricular func•
tion, one should not expect large changes in hemodynamics 
with a programmed PQ interval, the choice of this interval, 
therefore, may be guided primarily by other factors. 
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